As a result of quick progression in computer and information technologies, computer modeling has become a vital tool in watershed research and management practices. Stanford Watershed Model (SWM) is an integrated physically based Watershed model that can be used to simulate water flow stream/canal network and overland runoff, interflow and evaporation by considering the interaction between surface water and subsurface water. The objective of this study is to apply the SWM in order to estimate the rainfall-runoff relationship for Wadi Wala streamflow semi arid area with an average annual rainfall of about 300 mm/yr and a catchment area of 1800 km 2 . SWM has been widely accepted as a tool to synthesize a continuous hydrograph of hourly or daily streamflow. Sensitivity analysis, as well as trial and error adjustment techniques were used for the optimization of the number of parameters of the model. Comparing estimated and measured surface runoff for Wala valley indicated that the model is considerably efficient in predicting the total annual surface runoff from rainfall for similar watersheds.
INTRODUCTION
Hydrological models can be classified into two categories: deterministic models and stochastic models. Deterministic hydrological models can be further classified into three main categories on the basis of the spatial representation: empirical models, lumped conceptual models and distributed models. Empirical models, also called black box models, treat watersheds as a single unit where the parameters and the input do not vary spatially within the basin and the basin response is evaluated only at the outlet. The lumped conceptual models, also called grey box models, use physically sound structures and equations together with semi-empirical ones (Refsgaard, 1996) .
Several models have been developed to estimate runoff at different comprehension levels and based on different numerical approaches using computer technology. Among these models, some emphasize water quantity, while the others focus on water quality. However, the increasing water resource problems and the recognition that the interactions of different components of hydrologic processes sometimes play an important role require more comprehensive management of water resources. An integrated description of the entire land phase of the hydrological cycle and an integrated description of water quantity, quality and ecology improved tools based on resonance scientific principles and efficient technologies are necessary to predict the relations among different hydrological variables.
It is necessary to estimate the parameters from calibration which is perhaps one of the key disadvantages of this type of models from the computational point of view (Yeh et al., 2006) . Examples of physics-based watershed models can be found in Van der Kwaak (1999) and Yeh et al. (2006) . Many researchers have compared the different categories of models in various conditions (Boyle et al., 2001; Carpernter and Georgakakos, 2006; Koren et al., 2004; Refsgaard and Knudsen, 1996) . Their comparison indicated that distributed hydrological models, sometimes even without calibration (Shah et al., 1996) , performed better than empirical and conceptual models in their studies. Watershed models range widely in terms of complexity. Some are nothing more than simple empirical equations; others perform a complex accounting of soil moisture and water in various stages of runoff. Hydrological models are divided broadly into two groups; the deterministic models seek to simulate the physical processes in the catchment involved in the transformation of rainfall to streamflow, whereas stochastic models describe the hydrological time series of several measured variables such as rainfall, evaporation and streamflow, involving probability distribution.
In the past several decades, with the tremendous advance and rapid progress of computer technologies, numerical simulation models have increasingly become important and effective tools for tackling a wide range of environmental and resource management issues. Among these many types of models, watershed hydrologic models that simulate the dynamic behavior of significant flow and storage processes generate water balance information (quantity and associated hydraulic characteristics, source and pathway, residence time,… etc.).
When is it necessary and/or desirable to use a watershed model instead of the simplified statistical and empirical techniques? Watershed models are generally required when an entire hydrograph is desired, when analyzing complex areas or when the past or proposed future watershed response functions are changing. Watershed models are particularly desirable when analyzing the effect of various water management schemes.
The Institute of Hydrology model, essentially a research tool, has several different forms and can be applied over hourly or daily time periods. Although graded as a simple model, it pays particular attention to the complexities of soil moisture storage, which it represents in several layers. In addition to numerous reported studies at the Institute of Hydrology, a modified form of the model was used to investigate the effects of change in land use on East African catchment (Blackie, 1972) .
The Lambert model, developed in the former Dee and Clwyd River Authority essentially for small upland catchments, was the forerunner of DISPRIN for the Dee Research program and has proven to be simpler to operate in practice (Lambert, 1969) .
HYSIM, developed by Manley and used in the Directorate of Operations of the Seven Trent Water Authority, is one of a suite of programs for hydrological analysis and provision of information for design and operational purposes (Manley, 1975) .
It operates mainly on daily values of areal rainfall and potential evaporation and produces daily values of streamflow, but the time period can be flexible. It may be used for the extension of flow data records and data validation, real time flow forecasting and flood studies and modeling of groundwater. It has also simulated successfully daily and monthly flows on ungaged catchments.
The Boughton model for small-or medium-sized catchments was originally developed in Australia for assessing water yield from catchments in dry regions (Boughton, 1966) . Hence, its immediate concern was with quick runoff. Murray (1970) modified the model to include a delayed response interflow and baseflow and applied it to the Brenig catchment in North Wales as part of the study program carried out by the Water Research Association in the late 1960s. The model operates on daily rainfall and evaporation to produce daily runoff (Singh, 1995) .
Stanford Watershed Model (SWM)
SWM has been widely accepted as a tool to synthesize a continuous hydrograph of hourly or daily streamflow. A great variety of data is fed into the Stanford Watershed Model, which is usually programmed to produce daily river flow. Provision is made for dealing with snowmelt and, incorporating particular impervious areas the model can be applied to urban studies (Crawford and Linsely, 1966) . This model was applied on Wadi Wala (Catchment area  1800km 2 ), which has good records of precipitation and runoff data. SWM was used to simulate portions of the hydrologic cycle, hourly and daily precipitation, daily temperature, daily surface runoff and characteristics of the watershed area, and several hydrologic parameters are required as input data to the simulation model. The aforesaid data is available in the Water Authority of Jordan (WAJ). The output of the model is the daily and monthly runoff. This information is very essential as input data for hydraulic structure design.
Study Area
The study area is located in a semi-arid zone, which is considered a dry area, with about 100-300 mm average annual rainfall as shown in Fig (1) . The runoff is basically generated by thunderstorm (flash) floods which are generally characterized by infrequent, high intensity and short-duration floods and happens only in winter seasons.
Wadi Mujib is the largest tributary on the eastern side of the Dead Sea with a total drainage area of 6,600 km 2 , including the Wadi Wala catchment as shown in All the rainfall stations have been registered and named by the agencies concerned in accordance with the drainage systems. There are 12 rainfall stations in Wala watershed. Most of these stations have been operating for periods up to 20 years. The rainfall records for these stations consist of a few thousands of autographic charts. The personnel of Water Authority of Jordan (WAJ) reduced the mass curves on the recording charts to monthly abstracts presenting the data as hourly precipitation.
2) Evaporation Data
WAJ and the Meteorological Department have operated 4 evaporation stations in the area. 10 evaporation pans of US Weather Bureau class-A have been installed and observed in and around the study area since 1960.
3) Other Meteorological Data
Other meteorological data such as air temperature 
2) Baseflow
Springs and groundwater runoff maintain perennial baseflow in the Wala stream. Its value decreases sometimes because of infiltration into deep aquifer.
3) Runoff Coefficient
Flood runoff feature in the basin is small, since most of the rainfall evaporates. According to WAJ, runoff ratio ranges from 4% in the desert area to 15% in the northern and western parts of the study area.
Present Approach
Crawford and Linsley (1966) designed a digital computer program to simulate portions of the hydrologic cycle for an entire watershed. This program has been widely accepted as a tool to synthesize a continuous hydrograph of a daily streamflow at a watershed outlet. Hourly and daily precipitation, daily temperature and a variety of watershed parameters are the input data. By the early 1970's the developers of SWM expanded and refined SWM to create the Hydrocomp Simulation Program (HSP), which also included general nonpoint source loadings and water quality simulation capabilities.
Incoming rainfall is distributed among interceptions, impervious areas such as lakes and streams and water destined to be infiltrated or to appear in the upper zone of the soil as surface runoff or interflow, both contributing to the channel inflow. Infiltration and upper zone water eventually percolate to lower zone storage and to groundwater storage. The lower zone is responsible for long-term infiltration and groundwater storage later released as baseflow to the stream. The total streamflow is a combination of overland flow, groundwater and interflow. Hydrologic fundamentals are used at each point to transform the input data into a hydrograph of streamflow at the basin outlet.
Model Structure
SWM is made up of a sequence of computation routines for each process in the hydrologic cycle (interception, infiltration, routing,… and so on). All the moisture originally stored in the watershed or input as precipitation during any time period is balanced in the continuity equation. The Stanford Water Model utilizes a hydrologic watershed routing technique to translate the channel inflow to the watershed outlet. The change in storage in each zone is calculated as the difference between the volume of inflow and that of outflow.
Rainfall Analysis
S.W.M program required hourly rainfall depth, daily streamflow daily maximum and minimum temperature (Fº) as input data in order to simulate the synthetic streamflow. Hydrologic simulation combines the physical characteristics of the watershed and the observed meteorological data series to produce the simulated hydrologic response. SWM simulates runoff from four components: surface runoff from impervious areas directly connected to the channel network, surface runoff from pervious areas, and interflow from pervious areas, and groundwater flow. Because the historic streamflow is not divided into these four units, the relative relationship among these components must be inferred from the examination of many events over several years of continuous simulation. A complete hydrologic calibration involves a successive examination of the four characteristics of the watershed hydrology, these are: annual water balance, seasonal and monthly flow volumes, baseflow, and storm events.
Simulated and observed values for reach characteristic are examined and critical parameters are adjusted to attain acceptable levels of agreement. The annual water balance specifies the ultimate destination of incoming precipitation and is indicated as: Precipitation -Actual Evapotranspiration -Deep Percolation -Soil Moisture = Runoff SWM requires input precipitation and potential evapotranspiration (PET), which effectively "drive" the hydrology of the watershed; actual evapotranspiration is calculated by the model from the input potential and ambient soil moisture conditions. Thus, both inputs must be accurate and representative of the watershed conditions; it is often necessary to adjust the input data derived from neighboring stations that may be some distance away in order to reflect conditions on the watershed.
Trial and Adjustment Parameters
There are some parameters for Wala watershed, which were determined from a topographic map scale (1:100,000). These parameters are shown in shown in Table 1 . Model verification is not complete without comprehensive sensitivity analysis. Once the calibrated parameters are arrived at by a best fit procedure, sensitivity analysis is performed by holding all parameters constant but one and perturbation the last one such that the variation of the objective function (measure of fit between the observed storm hydrograph and the fitted model) can be examined.
If small perturbations of the parameter produce large changes in the objective function, the system is said to be sensitive to that parameter. This gives a measure of how accurate that parameter must be estimated if the model is to be used in the prediction. If the objective function is not sensitive to the perturbed parameter, then the parameter does not need be accurately estimated in the prediction. If the system is extremely insensitive to the perturbed parameter, the parameter and its associated system components may be redundant and could be deleted from the model. The results of the sensitivity analysis of the Stanford Watershed Model (SWM) on monthly simulated runoff rates are shown in Table ( 2).
The successful operation of the Stanford Digital Computer Model relies to a considerable extent on the skilled experience and personal judgment of its operator. Without denying the power and advantages of using engineering judgment and acquired skills, it is likely that the adjustment of the large number of parameters of a more complex model by subjective trial and error procedures is impracticable.
Finding a set of "best fit" parameter values for a given physical system with given input and output data is a frequently met problem in many fields of activity.
The effects of increasing various watershed parameters and coefficients on runoff volume are shown in Table ( 3). Output from SWM Comparison between recorded and synthesized monthly total streamflow is shown in Figures (3) and (4) 
DISCUSSION AND CONCLUSIONS
Rainfall precipitation is the primary source of water for streamflow runoff. The characteristics of the watershed govern losses within the watershed, and the portion of that precipitation not lost results in surface runoff. Various techniques may be used to relate precipitation to corresponding runoff. These techniques vary in complexity. As a general rule, the shorter the time period of runoff to be simulated, the more complex and sophisticated the model. SWM is one of these complex models. It was applied in this research on Wala Valley Watershed.
The choice of a model is based on the availability of records for a particular watershed. In our study, the relationship between rainfall and runoff is investigated by the aid of a computer program depending on the calibration and optimization of the watershed parameters.
There are some differences between recorded and synthesized streamflows (of course, hydrologic forecasts can not be 100% accurate). There are many sources of forecast errors. The influence of man power plays an important role. The changes due to dam construction on Wala stream cause a heterogeneous catchment area, basic errors in the historic basic data which the values of watershed parameters depend on, disunity in the rainfall pattern and insufficiency in the density in the rainfall station.
This study drew several conclusions, the most important of which are: 1. SWM can be applied to Wala Watershed in order to predict the total annual streamflow and peak flood, since there is good agreement between recorded Where there are data shortages, regional values of the required inputs may be used. The model has been applied to catchments throughout the world and helped with its great flexibility provide hydrological information on problems in civil engineering design and agricultural engineering.
